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SUMMARY The effect of four weeks and 15 months of treatment with the cardioselective beta-receptor
antagonist metoprolol on blood pressures, plasma noradrenaline, adrenaline, and dopamine at rest,
during submaximal steady state and near maximal exercise, as well as five minutes after exercise, was
studied in seven moderately hypertensive men aged 25 to 51 years.

Four weeks of treatment resulted in significantly lower heart rates and blood pressures at rest,
during, and after exercise; no further significant changes were observed after 15 months of continuous.
treatment.

The exercise-induced increase in plasma noradrenaline and adrenaline tended to be more pronounced
after treatment with metoprolol with virtually identical values after both four weeks and 15 months.
Plasma dopamine was much less affected by exercise and showed only a weak tendency towards higher
values during work. While no significant changes were observed after four weeks of treatment, there
was a significant 10 to 12 fold increase of dopamine over the control values after 15 months
of treatment. At rest plasma dopamine was five and 10 times higher than corresponding noradrenaline
and adrenaline levels. The excessive rise of dopamine might have clinical implications: because of the
cardiovascular and renal actions of dopamine, high levels should tend towards dampening the negative
inotropic effect of beta-receptor blockade and might thus contribute to the increase of cardiac output
and decrease of peripheral vascular resistance usually seen with beta-receptor antagonists after long-
term treatment compared with acute or short-term administration.

Antihypertensive treatment with adrenergic beta-
receptor antagonists has been shown to give rise to
higher levels of plasma noradrenaline during
exercise of different intensities.1-3 Conversely, a
significant rise of adrenaline has been observed
only during near maximal work and was interpreted
as reflecting secondary metabolic adjustments to
the beta-receptor blockade.2 4 5 With a few
exceptions3 these observations were made after
acute administration of a beta-receptor antagonist
or after short-term treatment. Very little interest
has been shown in plasma dopamine. Though
dopamine has been the subject of considerable
theoretical and clinical interest and research in
recent years because of its specific cardiovascular
and renal effects,6-8 in particular in association
with shock, no data are available on the response of
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plasma dopamine to long-term beta-receptor
blockade.
The purpose of the present study is therefore to

define the effect of the cardioselective beta-receptor
blocker metoprolol on the response to standardised
exercise of plasma noradrenaline, adrenaline, and
in particular dopamine after long-term treatment
compared with short-term treatnent.

Patients

Seven men aged 25 to 51 (mean 35) years partici-
pated in the study after giving their informed
consent. Clinical evaluation indicated that all had
stage 1 to 2 essential hypertension using criteria
described by the WHO (1959).9 None suffered
from ischaemic heart disease. Blood pressures
when measured by the Riva-Rocci cuff method
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ranged between 155 10/101 ±4 (means and
standard deviations) mmHg at rest supine and
236 ±30/112 ±13 mmHg during near-maximal
exercise (Table).

Methods

After initial investigation, treatment was started
with a daily dose of 200 mg oral metoprolol and
was maintained without any change during the
entire observation period. The patients were studied
again after a four-week and subsequently a 15-
month period of treatment under identical condi-
tions and with identical technique as in the initial
study. On each occasion, the patients exercised at
their individual work loads established during the
initial investigation.
On arrival at the laboratory, a polyvinyl catheter

was inserted percutaneously via an antecubital vein
and the tip positioned in the superior vena cava in

order to facilitate blood sampling. After 30 minutes
of rest in the supine position, exercise was performed
sitting on an electrodynamically braked bicycle
ergometer at a rate of 60 rpm, starting at 50 watts
with a 10 watt increment every minute until a

heart rate of approximately 130 was attained. The
patients then continued exercising at the same load
under steady state conditions for a further 24
minutes. Subsequently, work loads were increased
by 25 watt increments every minute and the test
concluded by a one-minute work at maximal level.
In three patients, however, true maximal work load
could not be attained because of an excessive blood
pressure response (systolic pressure exceeding
270 mmHg). This final phase usually lasted four to
five minutes. Pulse rates (auscultatory method) and
systolic and diastolic blood pressures (Riva-Rocci
cuff method) were recorded and blood samples were

obtained after 30 minutes of supine lying, during

the sixth minute at work load 100 watts, during
the 30th minute of submaximal steady state exercise,
during near-maximal exercise, and five minutes
after work in the sitting posture.
Plasma catecholamines were determined by

means of an enzymatic single isotope method'°
with a coefficient of variation ranging for noradrena-
line and adrenaline between 5 and 10 per cent at

high and low levels, respectively, and for dopamine
between 8 and 14 per cent.1' Student's t test for
paired samples was used for statistical analysis.

Results

Heart rate, and systolic and diastolic blood pressures

were significantly (p < 0-01) reduced at rest and
during exercise after four weeks of treatment with
metoprolol compared with pretreatment values. No
further significant changes were observed after 15
months of continuous treatment; however, there
was a clear tendency toward lower diastolic blood
pressures during and after exercise (Table).
The exercise-induced increase of plasma nor-

adrenaline tended to be more pronounced after
treatment with metoprolol; individual and mean
values were virtually identical at four weeks and
15 months (Fig. 1).
The effect on plasma adrenaline was similar; the

rise as observed particularly during near-maximal
work was of the same order after four weeks and
15 months (Fig. 2).
The levels of plasma dopamine were much less

affected by exercise (Fig. 3) and showed only a weak
tendency towards higher values during exercise.
While no significant changes were observed after
four weeks of treatment, there was a significant
(p < 0-001) 10 to 12 fold increase ofplasma dopamine
over control values after 15 months of treatment
with roughly identical levels during all conditions.

Table Heart rates (HR, beatslmin), systolic (SBP, mmHg), and diastolic (DBP, mmHg) blood pressures before and
after four weeks and 15 months of treatment with metoprolol (means ± standard deviations, n= 7)

Rest Exercise Exercise Exercise Post-exercise
supine 6 min 30 min near-max 5 min

sitting

Pretreatment HR 74 ±7 117 ±14 136 ±4 173 ±12 10± 19
SBP 155 ±10 210 ±27 202 ±29 236 ±30 156 ±15
DBP 101 ±4 115 ±15 106 ±7 112 ±13 92 ±14

Metoprolol four weeks HR 57 ±10** 93 ±11** 100 ±8** 123 ±9** 77 ±10**
SBP 130 ±7** 154 ±20** 164 ±19** 200 ±20** 127 13
DBP 86 ±7** 98 ±8** 96 ±9** 108 ±12 84 ±10

Metoprolol 15 months HR 52 ±11 87 ±17 98 ±13 125 ±17 70 ±17
SBP 132 ±12 150 ±13 158 ±19 190 ±29 127 ±11
DBP 90 ±9 91 ±7 90 ±8 101 ±10* 80 ±5*

Asterisks denote level of statistical significance of changes from previous examination *p <005, **p <001.
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At rest, before exercise, plasma dopamine was five
and 10 times higher than corresponding plasma
noradrenaline and adrenaline levels (Fig. 4) (p <
0 001) and of the same magnitude as plasma
noradrenaline during exercise at 100 watts as well
as five minutes after exercise.
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Fig. 1 Plasma noradrenaline at rest supine, during
submaximal and near-maximal work; and five minutes
after exercise; before and after a four-week and 15-
month period of treatment with metoprolol (means and
standard deviations, n= 7).
The six-minute exercise corresponds to a work load of
100 watts, the 30-minute exercise to steady state work at
a heart rate of approximately 130 beats/minute under
pretreatment conditions.
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Fig. 2 Plasma adrenaline at rest supine; during
submaximal and near-maximal work; and five minutes
after exercise; before and after a four-week and 15-month
period of treatment with metoprolol. For further details
see Fig. 1.

Discussion

Treatment with the cardioselective adrenoreceptor
blocking agent metoprolol resulted in considerably
lower blood pressures and pulse rates at rest as
well as during and after exercise. Normotension
was attained in virtually all patients. The extent of
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Fig. 3 Plasma dopamine at rest supine; during
submaximal and near-maximal work; and five minutes
after exercise; before and after a four-week and 15-month
period of treatment with metoprolol. For further details
see Fig. 1.
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Fig. 4 Means of plasma noradrenaline, adrenaline, and
dopamine at rest supine; during submaximal and
near-maximal work; andfive minutes after exercise;
after a 15-month period of treatment with metoprolol.
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pulse rate and systolic blood pressure reduction was
almost identical after the four-week and 15-month
periods. Only diastolic pressures showed a tendency
towards a further slight decrease after 15 months
compared with four weeks of treatment.
The fairly constant effect of treatment on the

circulation during standardised exercise as evident
from the similar pulse rates and blood pressures
observed at four weeks and 15 months of treatment
is particularly worth noting as it is of great import-
ance when the response of plasma catecholamines
to exercise and to treatment of different durations
is to be evaluated.5
The changes in plasma noradrenaline and

adrenaline observed after four weeks of beta-
receptor blockade in the present series agree with
the results reported by other authors.' 312 The
results obtained at four weeks and 15 months,
respectively, in our patients indicate that the changes
in both plasma noradrenaline and adrenaline
induced by beta-receptor blockade remain virtually
constant independently of the duration of treatment.
Despite unchanged levels of plasma noradrenaline,
the diastolic blood pressure tended to be slightly
lower after 15 months compared with that at four
weeks. This might suggest that levels of circulating
noradrenaline do not play a primary or decisive
role in the mechanism of the antihypertensive effect
exerted by beta-receptor blocking agents.5 Even
adrenaline does not seem to be of major importance
in this respect. The increase of plasma adrenaline
after beta-receptor blockade, in particular under
conditions of near maximal exercise, reflects a
compensatory mechanism aimed at coping with the
restricted glycogen breakdown in the working
muscle during heavy work.2'
Plasma dopamine was virtually unchanged after

four weeks of metoprolol administration but it
showed a considerable rise after 15 months of
treatment. The dopamine levels attained are of such
an order that haemodynamic effects resulting from
the specific properties of dopamine,7 are likely to
occur'3 and might have clinical implications.
Dopamine has a positive effect on the cardiac
contractility resulting in a significant increase in
stroke volume and cardiac output.7 8 13 Further-
more, dopamine is a potent vasodilator of the renal
vascular bed inducing increased perfusion mainly in
the renal medulla'4 and a significant enhancement
of sodium excretion.6 7 Because of these specific
effects high levels of dopamine should tend towards
dampening the negative inotropic effect of chronic
beta-receptor blockade. Hence it might contribute
to the increase of cardiac output and the decrease
of peripheral vascular resistance seen after long-
term treatment compared with acute or short-term

administration of most beta-receptor blockers,"5 16
and even alpha-beta-receptor blockers.'7

Furthermore, the high levels of dopamine may
tend to counterbalance the reduced hypothalamic
dopaminergic activity shown to occur in hyper-
tensives and to be influenced by the dopaminergic
agonist bromocriptine."8

It is important to underline that these findings
are preliminary; since different beta-receptor
blockers may have different effects on plasma
catecholamines' they may not apply to all beta-
receptor antagonists. Thus, the finding of an
excessive dopamine increase during chronic adrener-
gic beta-receptor blockade requires further con-
firmation and research.
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